INTRODUCTION
Under natural conditions the vole (Microtus agrestis) breeds in the spring and summer but not in the autumn and winter. This seasonal change was attributed by Baker & Ranson (1933) to the influence of hours of sunshine, and in the laboratory it has been shown that photoperiod affects the growth of gonads and maintenance of their activity (Baker & Ranson, 1932; Clarke & Kennedy, 1967; Breed & Clarke, 1970) . Testes of voles living in 6 hr light/day are smaller and less active than those from animals given 15 or 16 hr light daily. Essentially similar effects of photoperiod have been observed in Microtus arvalis (Martinet, 1963) .
In the hope of gaining insight into the underlying processes by which altered photoperiod is perceived, experiments have been carried out to discover which part of the light/dark cycle causes changes in gonadal activity.
MATERIALS AND METHODS
All animals were derived from the closed colony which has been maintained in this laboratory since 1959 t See text for details.
Experiment 4
The above experiments suggest that the length of the dark period, or its position in the day, is important for the control of testis activity. The absolute length of the light period (within the limits employed here), or its simple repetition, appear not to be significant. There are two possible explanations for the effects so far observed.
(1) For a light regimen to inhibit or cause regression of testes, a period of darkness must be 12 hr or more long (see Martinet, 1963; Breed & Clarke, 1970) . This might be the time required either to produce a substance which directly or indirectly stops gonadal activity, or to eliminate a gonadal activator made during the photoperiod.
(2) There is an endogenous circadian rhythm of sensitivity to a light stimulus, synchronization of the lighting with this endogenous rhythm being necessary for full testicular activity. This is essentially the system proposed by Biinning 342 C. Anne Grocock and J. R. Clarke (1936, 1963) (Hamner, 1963) , the house sparrow, Passer domesticus (Menaker, 1965) , the Japanese quail, Coturnix coturnix japonicus (Follett & Sharp, 1969) and the golden hamster, Mesocricetus auratus (Elliott, Stetson & Menaker, 1972) . As with the above birds and the hamster, the results of the present experiments suggest the existence of an endogenous circadian rhythm of sensitivity to light whose phase can be altered by a sustained change in the time of photoperiods. The characteristics of this postulated endogenous rhythm of photosensitivity, i.e. the ease with which its phase can be shifted or the duration of the photosensitive period, are conjectural. Basing discussion on the supposed properties of the endogenous circadian rhythm underlying locomotor activity in some mammals and birds (Decoursey, 1961 Menaker, 1965; Hamner & Enright, 1967; Elliott et al., 1972) , the physiological events in these experiments may have been as follows (see Text-fig. 1 ). Before the beginning of the treatments voles were subjected to a 16L:8D regimen in the animal room, with dawn at 08.00 hours. It has been suggested (p. 343 above) that the period of photosensitivity would commence about 12 hr later, that is at 20.00 hours. In this pre-experimental period the phase of the endogenous rhythm would become established, though it would be alterable should dawn occur regularly at some other time. The experimental treatments involving simple light regimens (Schedules 1, 4 and 6 in Text- fig. 1 (Hamner & Enright, 1967) . Follett & Sharp (1969) measured levels of gonadotrophin-releasing 'activity' and pituitary gonadotrophins before and after alterations in the photoperiod to which Japanese quail were exposed.
They were able to demonstrate some immediate endocrine correlates of the photo-inducible phase which controls gonadal development in this species.
The pineal gland may be even more closely connected with the endogenous rhythm. It influences gonadal function in rats and hamsters, perhaps through the release of serotonin and/or melatonin which can through their action on the hypothalamus, inhibit gonadotrophin release (Reiter & Sorrentino, 1970; Fraschini, Collu & Martini, 1971; Mess, Heizer, Tôth & Tima, 1971 ). In the rat pineal there is an endogenous circadian rhythm of serotonin production which can be entrained to cyclic photoperiods, whereas levels of hydroxyindole-O-methyl transferase, necessary for the formation of melatonin from N-acetyl serotonin, are greater during darkness than in continuous light (Axelrod, 1970 (Grocock, 1972) (Chitty, 1952; Clarke, 1955; Smyth, 1966) . Although in the laboratory ambient temperature does not appear to affect gonadal activity (Clarke & Kennedy, 1967) , it may be that in the field an interaction of photoperiod, ambient temperature and nutrition contributes to the more complete inhibition or regression of gonads in the winter. Genetic factors may also be playing a rôle in the laboratory experiments. Some animals are more susceptible than others to the effects of short photo¬ periods and the laboratory vole colony, in which selection for high fertility has been practised, has been a closed colony for 14 years. This may have made laboratory animals in general less sensitive to short photoperiods. It has recently been found that the F l generation of wild type voles reared in the laboratory appear to be more inhibited by short photoperiods than the progeny of the inbred laboratory stock (J. R. Clarke, unpublished observations).
